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ABSTRACT
We study Red Misfits, a population of red, star-forming galaxies in the local Universe.
We classify galaxies based on inclination-corrected optical colours and specific star
formation rates derived from the Sloan Digital Sky Survey Data Release 7. Although
the majority of blue galaxies are star-forming and most red galaxies exhibit little to
no ongoing star formation, a small but significant population of galaxies (∼11 per
cent at all stellar masses) are classified as red in colour yet actively star-forming. We
explore a number of properties of these galaxies and demonstrate that Red Misfits are
not simply dusty or highly-inclined blue cloud galaxies or quiescent red galaxies with
poorly-constrained star formation. The proportion of Red Misfits is nearly independent
of environment and this population exhibits both intermediate morphologies and an
enhanced likelihood of hosting an AGN. We conclude that Red Misfits are a transition
population, gradually quenching on their way to the red sequence and this quenching
is dominated by internal processes rather than environmentally-driven processes. We
discuss the connection between Red Misfits and other transition galaxy populations,
namely S0’s, red spirals and green valley galaxies.
Key words: galaxies: evolution; galaxies: star formation; galaxies: stellar content;
galaxies: groups: general; galaxies: active
1 INTRODUCTION
Large galaxy redshift surveys such as the Sloan Digital Sky
Survey (SDSS; York et al. 2000) have demonstrated that the
distributions of optical colour and star formation rate (SFR)
for galaxies in the local Universe are bimodal (e.g. Strateva
et al. 2001; Blanton et al. 2003; Kauffmann et al. 2003a;
Baldry et al. 2004; Balogh et al. 2004a,b). Galaxies are al-
most all either red with early-type morphologies and little-
to-no ongoing star formation, or blue and late-type with
substantial ongoing star formation. The origin and mainte-
nance of this bimodality is an important open question in
galaxy formation and evolution.
Exploring how colour, morphology and star formation
rate correlate with other galaxy properties may help in un-
derstanding the origin and maintenance of the bimodality
in galaxy populations. The strong correlation between these
properties and stellar mass (e.g. Kauffmann et al. 2003b;
Noeske et al. 2007a,b; Wetzel et al. 2012) suggests that a
galaxy’s stellar mass is the main parameter upon which its
other properties depend (e.g. Peng et al. 2010; Woo et al.
2013).
? E-mail: evansfa@mcmaster.ca
In addition, it has long been known that galaxy proper-
ties differ across environments: galaxy demographics in rich
environments such as the cores of galaxy clusters are domi-
nated by red, early-type galaxies with negligible star forma-
tion, while blue, star-forming, late-type galaxies are most
commonly found in the low density field (e.g. Oemler 1974;
Dressler 1980; Lewis et al. 2002; Go´mez et al. 2003; Balogh
et al. 2004b). These correlations could simply be due to
more massive galaxies residing in denser environments (e.g.
Hogg et al. 2003), however recent studies show that these
trends persist even at fixed stellar mass (Kauffmann et al.
2004; Blanton et al. 2005b; Skibba 2009; McGee et al. 2011).
Not limited to the local Universe, this environmental depen-
dence has been observed out to at least z≈1 (Cooper et al.
2007; Peng et al. 2010). Together, these results motivate a
complex picture of galaxy evolution wherein internal mecha-
nisms scaling with stellar mass and mechanisms scaling with
environment work in tandem to transform blue, star-forming
galaxies to red and quiescent ones (e.g. van den Bosch et al.
2008; Peng et al. 2010, 2012; Woo et al. 2013; Smethurst
et al. 2017). This evolutionary picture is supported by the
fact that the total amount of stellar mass in red sequence
galaxies has roughly doubled since z=1 (e.g. Bell et al. 2004;
Faber et al. 2007; Moutard et al. 2016).
c© 2018 The Authors
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The exact balance of environmental and internal mech-
anisms that dominate this transition is unclear and many
mechanisms likely play a role. A number of internal galaxy
transformation processes scale with stellar mass. Radiative
and mechanical feedback from AGN can displace cold gas
from the disc and heat central gas, suppressing gas cool-
ing and subsequent star formation (e.g. Bower et al. 2006;
Croton et al. 2006). Recent semi-analytic models and hy-
drodynamic simulations (e.g. Springel et al. 2005; Hopkins
et al. 2006; Dubois et al. 2014; Sijacki et al. 2015) ar-
gue that AGN feedback prescriptions are required to sup-
press star formation. Bar features in galaxies can efficiently
drive gas into nuclear regions, inducing central star for-
mation thereby reducing gas consumption time-scales (e.g.
Knapen et al. 1995; Sheth et al. 2005; Cheung et al. 2013)
and spurring (pseudo)bulge growth (Kormendy & Kenni-
cutt 2004; Athanassoula 2005). Morphological quenching,
wherein the growth of a stellar bulge stabilizes the gas disc
against fragmentation (Martig et al. 2009) can further in-
hibit star formation. Finally, outflows driven by supernova
feedback can eject cold gas from the galactic disc, suppress-
ing star formation (e.g. Stinson et al. 2013; Hopkins et al.
2014; Keller et al. 2016).
The environmental mechanisms that are known to in-
fluence galaxy evolution are also numerous. A galaxy within
the virial radius of a host halo can experience ram pressure
stripping of cold gas from its disc (Gunn & Gott 1972), re-
duced accretion of hot gas (e.g. Larson et al. 1980; Balogh
et al. 2000; Kawata & Mulchaey 2007), high-speed tidal in-
teractions with nearby galaxies (Moore et al. 1996, 1998)
as well as mergers (Toomre & Toomre 1972; Makino & Hut
1997), all of which can suppress star formation over vary-
ing time-scales. Although first discovered in galaxy clusters,
subsequent works have found that the environmental trends
at fixed stellar mass extend to groups (e.g. Postman & Geller
1984; Zabludoff & Mulchaey 1998; Lewis et al. 2002; Go´mez
et al. 2003; McGee et al. 2011). This suggests that not only
does the dense core of a galaxy cluster affect galaxy prop-
erties, but satellite galaxies may undergo significant pre-
processing in groups and may already have begun experi-
encing environmental effects well before entering the cluster
environment (e.g. Kodama et al. 2001; Balogh et al. 2002;
Hou et al. 2014; Roberts & Parker 2017). It is therefore
important to understand the relative importance of these
mechanisms not just in massive clusters but in low mass
groups as well.
Although most galaxies are either blue, star-forming
and disc-dominated or red, quiescent and early-type, there
are exceptions. One way to investigate the mechanisms that
dominate galaxy evolution is to study objects outside of
these two main populations. These exceptions may be tran-
sitional objects evolving from active and blue to passive
and red or they may be one stage of a more complicated
evolutionary picture. Numerous studies have examined the
significant population of so-called ‘passive red spirals’, i.e.
galaxies with late-type morphologies but red optical colours
(e.g. Poggianti et al. 1999, 2004; Goto et al. 2003; Masters
et al. 2010; Fraser-McKelvie et al. 2016). Other examples
of outlier populations in the literature include blue, late-
type passive galaxies (e.g. Mahajan & Raychaudhury 2009),
blue, star-forming early-type galaxies (e.g. Schawinski et al.
2009; Huertas-Company et al. 2010; Ilbert et al. 2010), and
‘green valley’ galaxies which have colours intermediate be-
tween the blue cloud and the red sequence (e.g. Martin et al.
2007; Wyder et al. 2007; Schawinski et al. 2014).
The aim of this work is to characterize galaxies that are
red in optical colour but exhibiting significant star forma-
tion. Several authors have studied red, star-forming galaxies
using a variety of colour and star formation metrics over a
range of samples (e.g. Hammer et al. 1997; Coia et al. 2005;
Demarco et al. 2005; Wolf et al. 2005, 2009; Davoodi et al.
2006; Weinmann et al. 2006; Popesso et al. 2007; Koyama
et al. 2008, 2011; Gallazzi et al. 2008; Saintonge et al. 2008;
Haines et al. 2008; Verdugo et al. 2008; Brand et al. 2009;
Mahajan & Raychaudhury 2009). However, the majority of
the above works restricted their analysis to the cluster en-
vironment and few controlled for stellar mass to disentangle
internal and environmental effects. These red star-forming
galaxies have never been the sole focus of a study taking full
advantage of the sample size and range of environments in
the Sloan Digital Sky Survey and related data products.
In this work we investigate red, star-forming galax-
ies, hereafter referred to as Red Misfits, comparing them
to the blue-and-active and red-and-quiescent populations in
the Sloan Digital Sky Survey Data Release 7 (SDSS DR7;
Abazajian et al. 2009). In particular, we examine the stellar
mass and morphology distributions of Red Misfits as well
as their dust content, AGN abundance and preferred en-
vironments as defined by their host group halo mass and
halo-centric radius. We determine that Red Misfits repre-
sent a physically-distinct population separate from the typ-
ical blue-and-active and red-and-quiescent populations and
can help constrain quenching mechanisms and time-scales.
In Section 2 we describe our sample and the inclination-
dependent colour corrections we apply. The properties of
Red Misfits, including stellar mass, morphology, dust con-
tent, gas-phase metallicity, AGN abundance and environ-
mental trends are described in Section 3. The discussion of
our findings are presented in Section 4 and we summarize
in Section 5. Throughout this work we assume a flat ΛCDM
cosmology with Ωm=0.3, ΩΛ=0.7, h=0.7.
2 SAMPLE
2.1 Full Galaxy Catalogue
Our galaxy catalogue derives from the New York University
Value-Added Galaxy Catalog (NYUVAGC; Blanton et al.
2005a) based on the Sloan Digital Sky Survey Data Release
7 (SDSS DR7; Abazajian et al. 2009). Specifically we use
the ugrizJHK Petrosian absolute magnitudes, k-corrected to
z=0.1 and corrected for Milky Way dust extinction (Schlegel
et al. 1998) based on the kcorrect code of Blanton & Roweis
(2007). We use emission line measurements from the Max
Planck Institut fu¨r Astrophysik and Johns Hopkins Univer-
sity (MPA-JHU) collaboration1. Based on these measure-
ments, the MPA-JHU collaboration also provides specific
star formation rates (sSFRs, Brinchmann et al. 2004) and
stellar masses (Kauffmann et al. 2003a) for the galaxies in
1 http://www.mpa-garching.mpg.de/SDSS/DR7/
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our sample. Both the sSFR and stellar mass estimates in-
clude updated prescriptions from Salim et al. (2007) to cor-
rect for fiber aperture effects and contamination due to ac-
tive galactic nuclei (AGN) using far- and near- UV photom-
etry from the GALEX mission (Martin et al. 2005). In the
interest of completeness we restrict our sample to galaxies
with stellar masses above 109.5 M and redshifts below 0.1.
We obtain structural parameters for each galaxy by
matching our sample to the catalogue of Simard et al. (2011)
who use the GIM2D software (Simard et al. 2002) to fit sur-
face brightness profiles with parametric models. Three fits
are provided: an nb=4 de Vaucouleurs bulge+disc decom-
position, a free nb bulge+disc decomposition and a single-
component pure Se´rsic decomposition. We use the results
from the single-component pure Se´rsic decomposition in this
study.
This sample is not volume-limited; as a result, it will
suffer from the Malmquist bias (Malmquist 1925), leading to
a bias towards higher-luminosity objects that increases with
redshift. To correct for this we weight by Vmax, the comov-
ing volume of the universe out to the maximum comoving
radius at which the galaxy would have met the selection cri-
teria of the sample. Vmax values are included in the Simard
et al. (2011) catalogue. To prevent the contamination of our
sample by extremely high-weight galaxies we remove from
our sample the very small number of galaxies with Vmax<1
Mpc3.
2.2 Colour Correction
We correct for inclination-induced colour bias in our sam-
ple following the general method of Maller et al. (2009). In
short, the magnitudes are corrected such that the average
observed z=0.1 k-corrected g−K and r−K colours of in-
clined galaxies match the average g−K and r−K colours of
face-on galaxies at fixed MK and Se´rsic index. We make mod-
ifications to the Maller et al. (2009) methodology to achieve
better results with our sample. Most importantly, we adopt
a different function to fit the g−K and r−K colours of face-
on galaxies to MK and Se´rsic index. See Appendix A for a
more detailed explanation of our correction method. It is
important to note that this correction is not intended to
recover the dust-unaffected colours of galaxies, rather it re-
covers the face-on colours of galaxies. The method simply
reverses the additional effects of inclination on colour. The
inclination-corrected colours of a sample of galaxies may still
be significantly dust-reddened if there is a large amount of
intrinsic dust within the sample (see Section 3.3).
To allow for accurate colour corrections we remove the
∼0.1 per cent galaxies in our sample with missing K-band
magnitudes or Se´rsic indices. Our full sample therefore con-
sists of 277785 galaxies after all cuts have been applied. In-
clination and z=0.1 k-corrected g− r colours are denoted
(Mig - M
i
r)
0.1 for the remainder of this work.
2.3 Emission Line Subsample
To determine the amount of intrinsic dust reddening (see
Section 3.3) and the abundance of AGN (see Section 3.6) in
star-forming, red galaxies as compared to the larger blue-
and-star-forming and red-and-quiescent populations, we re-
quire a sample of galaxies with reliable emission line strength
measurements. We construct an emission-line subsample by
selecting the galaxies in our full sample with signal-to-noise
of 3 or greater in Hα, Hβ , Nii λ6584 and Oiii λ5007. We also
require z>0.05 to reduce the aperture bias of the SDSS fibre.
The 3”fibre corresponds to ∼3 kpc at z=0.05, compared to a
typical half-light radius of ∼4 kpc along the semi-major axis
for galaxies at the same redshift. This emission line subsam-
ple is ∼1/3 of the total sample and is heavily biased towards
galaxies with significant star formation and/or AGN com-
ponents (see Section 2.5).
2.4 Environmental Catalogues
2.4.1 Group Catalogue
To study the distribution of Red Misfits in different environ-
ments in the Universe, we match our full catalogue to the
DR7 group catalogue of Yang et al. (2007, hereafter Y07).
The iterative algorithm for halo-based group finding is out-
lined in detail in Yang et al. (2005) and Y07. The stellar
mass of each group is defined as
M∗,grp = 1g(L19.5,Llim) ∑i
M∗,i
Ci , (1)
where M∗,i is the stellar mass of the i’th galaxy in the group,
Ci is the completeness of the survey at the position of that
galaxy, and g(L19.5,Llim) is a correction factor accounting for
the magnitude limit of the survey. The mass of each group’s
halo is estimated using abundance matching to M∗,grp with
the halo mass function of Warren et al. (2006) and the trans-
fer function of Eisenstein & Hu (1998).
After removing the 65.6 per cent of galaxies residing
in single systems or groups too small to have halo masses
assigned, our final group sample consists of 95648 galaxies
in 29346 groups with halo masses ranging from 1011.75M
to 1015.1M. The highest mass systems are galaxy clusters,
but we will refer to all galaxies in this catalogue as group
galaxies for simplicity.
We use projected group-centric distance and halo mass
as measures of galaxy environment, both of which have been
shown to correlate with local overdensity (Peng et al. 2012;
Haas et al. 2012; Woo et al. 2013; Carollo et al. 2013). We
calculate the projected group-centric distance (defining the
group centre as the location of the most massive galaxy in
the group) using the methods outlined in Hogg (1999) and
normalize to r200 given by Tinker & Chen (2008) and Y07:
r200 =
(
3Mhalo
4pi(200ρm)
)1/3
, (2)
which in our cosmology becomes
r200 = 1.13h−1
(
Mhalo
1014h−1M
)1/3
(1+ zgroup)−1 , (3)
where zgroup is the redshift of the centre of the group.
2.4.2 Isolated Galaxy Catalogue
As a companion to the group catalogue, we identify a cat-
alogue of isolated field galaxies to probe the population of
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Figure 1. Left : Vmax-weighted specific star formation rate (sSFR) Gaussian kernal-smoothed distribution for galaxies in the full sample.
The local minimum at log(sSFR)=-10.8 yr−1 defines our ‘active’ and ‘passive’ samples. Right : Vmax-weighted (Mig - Mir)0.1 colour distri-
bution of galaxies in the full sample. A cut at (Mig - M
i
r)
0.1=0.67 mags defines our ‘red’ and ‘blue’ populations. Shaded regions in both
plots show 99% confidence intervals from 1000 bootstrap resamplings.
Red Misfits in low-density environments. We construct our
isolated field catalogue using the N=1 groups in the Y07 cat-
alogue with an additional isolation criterion: a galaxy must
have no neighbour within 1 Mpc and 1000 kms−1 brighter
than the SDSS magnitude limit at our redshift cut of z=0.1.
To eliminate the possibility that galaxies in this catalogue
have close neighbours just outside our sample region, we
remove galaxies within 1 Mpc of the SDSS coverage bound-
ary or within 1000 km s−1 of z=0.1 as in Roberts & Parker
(2017). Our isolated sample consists of 112614 galaxies.
2.5 Galaxy Classification
We separate galaxies into four populations based on their
inclination-corrected colour and specific star formation rate.
Vmax-weighted sSFR and colour density distributions can be
seen in Fig. 1. The sSFR distribution shows clear bimodal-
ity with peaks near 10−11.5 yr−1 and 10−10 yr−1 and a local
minimum at ≈10−10.8 yr−1. We use this minimum to di-
vide our sample into ‘active’ galaxies (sSFR>10−10.8 yr−1)
and ‘passive’ ones (sSFR<10−10.8 yr−1). This bimodality in
sSFR and the break in the vicinity of sSFR≈10−11 yr−1 has
been noted by several authors (e.g. Brinchmann et al. 2004;
Kauffmann et al. 2004; Wetzel et al. 2012) and is largely
independent of stellar mass and environment (Wetzel et al.
2012). Defining active and passive subsamples based on a
fit to the star-forming main sequence (see e.g. Brinchmann
et al. 2004; Noeske et al. 2007b; Elbaz et al. 2007) would
yield similar results – only 3 per cent of our ‘active’ galaxies
are more than 2σ below the main sequence of star formation.
Brinchmann et al. (2004) derive specific star formation
rates by constructing a grid of ∼2x105 stellar synthesis mod-
els (Bruzual & Charlot 1993, 2003) spanning a range in
metallicity, dust-to-metal ratio, dust attenuation and ion-
ization parameter. The model emission line ratios are com-
pared to the observed spectrum and log likelihood functions
of each model for each galaxy are constructed and used to
determine the probability distribution function (PDF) for
the sSFR of each galaxy. In this work we use the median of
each PDF as our estimate for sSFR. The median uncertainty
of each sSFR estimate for our star-forming (sSFR>10−10.8
yr−1) galaxies is ∼0.3 dex. Galaxies with undetected emis-
sion lines are compatible with a wide range of low star for-
mation rates, therefore the sSFRs of the quiescent galaxies
in the vicinity of 10−12 yr−1 should be viewed as an upper
limit. While the active peak of the sSFR distribution in Fig.
1 is physical, the height of the quiescent peak is artificial, as
the true distribution should tail off to lower sSFRs (Salim
et al. 2007).
The distribution of inclination-corrected Petrosian (Mig
- Mir)
0.1 colours can also be seen in Fig. 1. The distribution
is bimodal, in agreement with previous studies (e.g. Strateva
et al. 2001; Baldry et al. 2004; Baldry et al. 2006; Balogh
et al. 2004a; Blanton et al. 2005b; Coil et al. 2008). We divide
our sample into ‘red’ and ‘blue’ populations using the local
minimum at (Mig-M
i
r)
0.1 ≈ 0.67 mags. Defining our red and
blue populations by fitting a red sequence in inclination-
corrected colour-magnitude space does not change any of
our results, as the slope of the red sequence is negligible.
Fig. 2 shows the distribution of our sample in sSFR - in-
trinsic colour space with our sSFR and inclination-corrected
colour cuts overlaid. We classify galaxies by the quadrant
they occupy in Fig. 2: Blue Actives (blue and star-forming),
Red Misfits (red and star-forming), Red Passives (red and
quiescent) and Blue Passives (blue and quiescent). The rela-
tive sizes of each population in each of our samples are listed
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Figure 2. sSFR vs. inclination-corrected and k-corrected colour for galaxies in the full sample. Red/blue and active/passive cuts are
shown. The Blue Active, Blue Passive, Red Active (Red Misfit) and Red Passive quadrants are shown based on divisions shown in Fig.
1. Bins populated by fewer than 50 galaxies are not shown.
Percent of Sample
Population Full Sample Emission-line Sample Group Sample Isolated Sample
(277785 galaxies) (90000 galaxies) (95648 galaxies) (112614 galaxies)
Blue Active 42.3% 74.7% 27.2% 52.2%
Blue Passive 1.7% 1.0% 1.6% 1.7%
Red Active 10.9% 15.4% 11.0% 10.9%
(Red Misfit)
Red Passive 45.1% 8.8% 60.2% 35.2%
Table 1. Populations of each of the four galaxy populations in the four samples.
in Table 1. ∼87 per cent of galaxies in our full sample be-
long to either the Blue Active or Red Passive populations
while a significant minority (∼11) per cent of galaxies are
Red Misfits. For the remainder of this work we do not con-
sider the small population of galaxies (∼2 per cent of the
full sample) classified as Blue Passives; we instead focus on
the properties of Red Misfits compared to Blue Actives and
Red Passives and defer Blue Passives to future work.
We note that while these subpopulation sample sizes
change depending on the colour and sSFR cuts used, the
results in Section 3 are robust against the precise locations
of these cuts.
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Figure 3. Vmax-weighted relative populations of Blue Active, Red
Passive and Red Misfit galaxies in the full sample binned by stellar
mass. Shaded regions show 99% confidence intervals generated by
the beta distribution as outlined by Cameron (2011).
3 RESULTS
3.1 Stellar Mass
Many galaxy properties such as star formation rate (e.g.
Salim et al. 2007; Noeske et al. 2007a; Poggianti et al. 2008),
colour (e.g. Baldry et al. 2006; van den Bosch et al. 2008;
Bamford et al. 2009) and morphology (e.g. van der Wel 2008;
Bamford et al. 2009; Bluck et al. 2014) correlate with stel-
lar mass; throughout this work we therefore compare the
properties of Red Misfits, Blue Actives and Red Passives at
fixed stellar mass. Fig. 3 shows the relative populations of
Blue Active, Red Passive and Red Misfit galaxies in differ-
ent bins of stellar mass in the full sample. As expected, Blue
Active galaxies dominate at low stellar mass while at high
stellar mass Red Passives are the most common galaxy pop-
ulation. The proportion of Red Misfits, however, depends
only weakly on stellar mass. They comprise ∼10 per cent of
our sample at low stellar mass, peaking at ∼16 per cent at
Mstellar ' 1010.5 M before falling to ∼5 per cent at high
stellar mass.
3.2 Structure & Morphology
The correspondence between colour and morphology (e.g. de
Vaucouleurs 1961; Strateva et al. 2001; Baldry et al. 2004) as
well as star formation rate and morphology (e.g. Kauffmann
et al. 2003b; Bell et al. 2012; Woo et al. 2015) indicate that
the same processes that control a galaxy’s star formation
history may also control its structure. In Fig. 4a we show
the mean Se´rsic index of the Red Misfit, Blue Active and
Red Passive populations in the full sample binned by stellar
mass. When using the Se´rsic index as a structural proxy for
morphology, the Red Passive population has more elliptical
(higher-index) morphologies than the Blue Active popula-
tion. Red Misfits are intermediate in structure between the
Blue Active and Red Passive populations at all stellar masses
and their morphologies exhibit the weakest dependence on
stellar mass out of the three populations. Qualitative results
remain the same if we use alternate structural proxies for
morphology such as concentration (c≡r90/r50) or bulge-to-
total light ratio: Red Misfits are more (less) bulge-dominated
and concentrated than Blue Actives (Red Passives).
Structural proxies for galaxy morphology such as the
Se´rsic index provide a quantified metric of what is a com-
plex galaxy property. The price of using these proxies is that
the more subtle morphological features of each individual
galaxy are lost and each proxy can introduce its own bias
to the sample. For example, bulge light can dominate the
surface brightness profiles of late-type galaxies with promi-
nent bulges, therefore they may have structural morphology
proxies more typical of early-type galaxies (e.g. Hameed &
Devereux 2005; Cheng et al. 2011). When available, mor-
phological classification for each galaxy can provide extra
insight over using these structural proxies.
In addition to the Se´rsic index, we probe morphology
using the classifications of Huertas-Company et al. (2011),
hereafter HC11, obtained using an automated Bayesian ap-
proach with the classifications of Fukugita et al. (2007) as a
training sample. Each galaxy is assigned a probability, pclass
of being in one of four morphological classes (E, S0, Sab,
Scd). While more detailed visual morphological classifica-
tions are available (e.g. Nair & Abraham 2010; Baillard et al.
2011; Willett et al. 2013), these catalogues classify a small
and biased subset of our full sample. In contrast, 275173
galaxies in our full sample (99%) have HC11 morphological
classifications.
Fig. 4b shows the distribution of HC11 morphological
classifications for Red Misfits, Blue Actives and Red Pas-
sives. We adopt a pclass>0.5 threshold to decide whether a
galaxy belongs to a given class. 78% of our sample is classi-
fied as one of the four types under this threshold while the
remaining 22% do not have pclass>0.5 in any single class.
The HC11 classifications mirror the trends seen in the Se´r-
sic indices – Red Passives are most often classified as el-
lipticals or S0’s by HC11 and Blue Actives as late spirals.
Red Misfits, however, are most likely to be classified as early
spirals. Therefore in both visual and structural morphology
Red Misfits have predominantly intermediate morphologies.
3.3 Dust Content
We have selected Red Misfits using inclination-corrected
colours to remove the effect of inclination on optical colours,
but the possibility still exists that Red Misfits have been sig-
nificantly reddened due to large amounts of intrinsic dust.
Dusty, star-forming red galaxies have been widely studied in
the literature (e.g. Coia et al. 2005; Wolf et al. 2005, 2009;
Gallazzi et al. 2008; Saintonge et al. 2008; Brand et al. 2009).
In this section we explore the fraction of Red Misfits whose
colours could be explained with significant reddening by in-
trinsic dust.
We quantify the amount of dust extinction using the
Balmer decrement, the ratio of Hα flux to Hβ . It is pos-
sible to determine the expected ratio between these lines
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Figure 4. a): Mean Se´rsic index of Blue Active, Red Passive and Red Misfit galaxies against stellar mass. Symbols indicate Vmax-weighted
mean value. Shaded regions span the unweighted 16th to 84th percentiles of each bin. b): Distribution of Blue Active, Red Passive and Red
Misfit morphological types (Huertas-Company et al. 2011) in our full sample. Red Misfits show intermediate, early-spiral morphologies.
Error bars are smaller than symbols in all cases.
based on the properties of the absorbing medium (Menzel &
Baker 1937; Baker & Menzel 1938). The flux ratio depends
weakly on gas temperature and density (Osterbrock & Fer-
land 2006) but is strongly affected by dust. The ionized gas
colour excess in B−V due to dust is characterized by
E(B−V ) = 1.97log
(
(Hα/Hβ )obs
2.86
)
, (4)
where (Hα/Hβ )obs is the observed Balmer decrement, 1.97
is a constant derived using the reddening curve of Calzetti
et al. (2000) and 2.86 is the unreddened flux ratio (Oster-
brock 1989). The choice of 2.86 for the unreddened flux ratio
is common in the literature (e.g. Xiao et al. 2012; Domı´nguez
et al. 2013). We note that since Balmer decrements are mea-
sured based on the Hα and Hβ emission lines, extinction
is estimated based solely on the emission-line regions of a
galaxy and therefore may not be representative of the galaxy
as a whole.
In Fig. 5 we plot E(B−V ) as a function of stellar mass
for Blue Actives, Red Passives and Red Misfits. To ensure
reliable Hα and Hβ measurements we restrict our E(B−V )
analysis to our sample of emission-line galaxies (see Sec.
2.3). Since the Balmer decrements in our emission-line sam-
ple show a mild trend with axis ratio (see also Yip et al.
2010; Xiao et al. 2012), we omit from Fig. 5 the 7.7 per
cent of galaxies in our emission line sample that are edge-
on (e>0.75). However, results are unchanged if the entire
emission-line sample is used. The ionized gas optical colour
excess due to dust reddening is on average larger in Red Mis-
fits than Blue Actives across the entire stellar mass range of
our sample in Fig. 5. This enhancement in colour excess is
small: Red Misfits experience 0.066 more mags of reddening
in B−V for the ionized gas than Blue Actives on average
across all stellar mass bins. Assuming the ratio of reddening
in the stellar continuum to the reddening in the ionized gas
is 0.44 (Calzetti 1997; Calzetti et al. 2000), this corresponds
to an extra stellar reddening in Red Misfits of 0.029 mags
over Blue Actives in g− r colour. Removing all Red Misfits
within 0.029 mags of the colour cut in Fig. 2 reduces our Red
Misfit sample by ∼23.5 per cent but does not qualitatively
change any results presented in this work.
The scatter for all populations in Fig. 5 is significant:
only 26 per cent of Red Misfits exhibit colour excesses 1σ
over the colour excess for a typical Blue Active galaxy with
the same stellar mass. The removal of these most-reddened
Red Misfits does not qualitatively change any results pre-
sented in this work. We therefore conclude that although
dust reddening can account for a small proportion of Red
Misfits, the entire population cannot be dismissed as dust-
reddened Blue Active galaxies. Even when the most con-
servative colour corrections are applied, a population of red
star-forming galaxies persists.
3.4 Stellar Age
Although Red Misfits are star-forming by construction, a
stellar population that is overall older than the Blue Actives
can significantly contribute to their red colours. To charac-
terize the mean stellar age of each population we use the
Dn4000 index as defined by Balogh et al. (1999) provided in
the MPA-JHU emission-line catalogue.
Fig. 6 shows the relationship between Dn4000 and stel-
lar mass for Blue Actives, Red Passives and Red Misfits
in the full sample. Red Passive galaxies show high values
of Dn4000, confirming them as galaxies with an old stellar
population and relatively little recent star formation. Con-
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Figure 5. Optical colour excess due to intrinsic dust against
stellar mass for non-edge-on (e<0.75) Blue Active, Red Passive
and Red Misfit galaxies in the emission-line sample. Error bars
indicate 1σ errors on the Vmax-weighted mean value of each bin.
Shaded regions span the 16th to 84th percentile of each bin.
versely, Blue Actives exhibit low Dn4000 values, indicating
that they have comparatively younger stellar populations.
Both populations tend towards larger Dn4000 at higher stel-
lar mass. At low and moderate stellar mass, Red Misfits
exhibit an intermediate Dn4000 measurement between the
Blue Active and Red Passive populations. Toward high stel-
lar mass, the Red Misfit Dn4000 measurements approach the
same value as the Blue Actives’, indicating that their stellar
populations are of comparable age. There are several factors
contributing to the red optical colours of Red Misfits – their
moderate sSFRs (see Fig. 2), their enhanced dust extinction
and their aged stellar populations when compared to Blue
Actives.
3.5 Gas-Phase Metallicity
To probe metallicity we use the gas-phase metallicity
(log[O/H]+12) measurements in the MPA-JHU catalogue
based on Tremonti et al. (2004). We stress that only a small
fraction (30 per cent) of our full sample has metallicity
measurements, as Tremonti et al. (2004) measure gas-phase
metallicity only for galaxies with a 5σ detection or greater
in Hα, Hβ and Nii λ6584. The sample of galaxies with metal-
licity measurements is therefore dominated by Blue Actives
(∼90 per cent) and Red Passives are extremely underrep-
resented (∼0.5 per cent). Fig. 6 shows the relationship be-
tween log[O/H]+12 for the Red Misfits, Blue Actives and
Red Passives that meet these criteria. For all three pop-
ulations, gas-phase metallicity increases with stellar mass.
As the most metal-rich population by a slight margin, Red
Misfits are on average '0.03 dex more metal-rich than Blue
Actives at fixed stellar mass. This is consistent with recent
studies finding an anti-correlation between sSFR and gas-
phase metallicity at fixed Mstellar for star-forming galaxies
(e.g. Mannucci et al. 2010; Yates et al. 2012; Salim et al.
2014; Telford et al. 2016; Brown et al. 2016).
3.6 AGN Abundance
It is widely accepted that AGN can play a significant role in
galaxy evolution, particularly for massive galaxies. To match
observations in the local Universe, galaxy evolution models
typically invoke AGN feedback – heating central gas and
suppressing star formation in massive galaxies (e.g. Granato
et al. 2004; Bower et al. 2006). Nuclear star formation as-
sociated with an AGN (e.g. Goto 2006; Bildfell et al. 2008;
Reichard et al. 2009) may help reconcile the significant star
formation in Red Misfits with their red colours.
Though AGN feedback can quench star formation in
the long term, the link between ongoing AGN emission and
star formation is still debated, with various studies finding
that AGN hosts experience enhanced star formation (e.g.
Silverman et al. 2009; Rosario et al. 2015), suppressed star
formation (e.g. Salim et al. 2007; Gu¨rkan et al. 2015; Ellison
et al. 2016) or normal star formation (Harrison et al. 2012;
Lanzuisi et al. 2015).
We identify AGN in our three populations using the
‘BPT’ emission line diagnostic diagram of Baldwin et al.
(1981). The BPT diagram identifies the dominant source of
ionization in a galaxy by its position in log10([Niiλ6584]/Hβ )
vs. log10([Oiiiλ5007]/Hα) space. The distributions of Red
Misfits, Blue Actives and Red Passives in the emission-line
sample on the BPT diagram are illustrated in Fig. 7. The
solid line of Kauffmann et al. (2003c), based on the observed
distribution of SDSS galaxies, provides the upper limit for
galaxies whose emission is dominated by ongoing star forma-
tion (i.e. photoionization from O and B stars). The dashed
line of Kewley et al. (2001), hereafter Ke01, based on the
region which can reasonably be described by maximal star-
burst emission, provides the lower limit for galaxies whose
emission is dominated by non-stellar processes. This region
above the Ke01 line, often referred to as the ‘AGN’ region,
is further subdivided into a ‘Seyfert’ region and a ‘LINER’
(low ionization nuclear emission-line regions; Heckman 1980)
region using the line defined in Schawinski et al. (2007).
Galaxies in the Seyfert region are objects whose emis-
sion is dominated by a luminous AGN. The LINER region,
however, is more controversial. A variety of physical pro-
cesses can be invoked as an explanation of LINER emis-
sion, from low-luminosity, radiatively-inefficient AGN (e.g.
Ho et al. 1993, 1997a; Kewley et al. 2006), fast radiative
shocks (e.g. Dopita & Sutherland 1995; Dopita et al. 2015),
or photoionization from young stars (e.g. Filippenko & Ter-
levich 1992; Shields 1992). See Ho (2008) for a review of
suspected LINER sources. There is mounting observational
evidence of LINER-like emission from evolved stellar pop-
ulations (mainly post-AGB stars) in optically red galaxies
(e.g. Binette et al. 1994; Stasin´ska et al. 2008; Cid Fernandes
et al. 2011; Yan & Blanton 2012). Recent spatially-resolved
observations of LINERs support this picture, showing that
the LINER emission can be spread over kpc scales instead
of confined to the nucleus (Sarzi et al. 2006, 2010; Belfiore
et al. 2016).
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Figure 6. Left: Dn4000 index measurement for each population in the full sample binned by stellar mass. Right : Gas-phase metallicity of
each population in the full sample binned by stellar mass. Error bars in both plots indicate 1σ errors on the Vmax-weighted mean value.
Shaded regions span the 16th to 84th percentile of each bin.
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Figure 7. Distribution of Blue Actives (left), Red Passives (middle) and Red Misfits (right) in the emission-line sample on the BPT
diagram. Contours encompass 10%, 30%, 50%, 70% and 90% of the unweighted distributions. Lines from Kewley et al. (2001) and
Kauffmann et al. (2003b) define star-forming and AGN regions of the diagram as well as the composite region where emission from
stellar and non-stellar processes are comparable. The dotted line from Schawinski et al. (2007) separates the AGN region into a Seyfert
region and a LINER region.
From Fig. 7 it is clear that the vast majority of emission-
line Blue Active galaxies reside in the star-forming region,
although there is a small tail in the Seyfert+LINER region
above the Ke01 line. Conversely, there are very few (∼5 per
cent) emission-line Red Passive galaxies in the star-forming
region. Rather, the emission-line Red Passive distribution
peaks in the composite and LINER regions with a signifi-
cant tail into the Seyfert region. Finally, emission-line Red
Misfits are concentrated in the star-forming and compos-
ite regions but have a significant tail (∼13 per cent) into
the Seyfert+LINER region. Only ∼4% of emission-line Red
Misfits lie in the LINER region, therefore the contribution
of LINER-like emission to the Red Misfit population is min-
imal, no matter the excitation mechanism invoked.
Fig. 8a shows the fraction of galaxies identified as host-
ing an AGN (i.e. fraction of galaxies lying above the Ke01
line) in the emission-line sample binned by stellar mass.
Across the entire stellar mass range of our emission-line
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Figure 8. a) Fraction of each population in our emission-line subsample identified as hosting an AGN (i.e. fraction lying above the Ke01
line) in bins of stellar mass. b) AGN fraction of each population in our full sample (i.e. fraction of galaxies in the total sample that are
both emission line galaxies and lie above the Ke01 line). Shaded regions are 99% confidence intervals generated by the beta distribution
as outlined by Cameron (2011).
sample, emission-line Red Passives are the most likely of
the three populations to be located above the Ke01 line
on a BPT diagram, especially toward higher stellar masses.
Emission-line Red Misfits are significantly more likely to
host an AGN than Blue Actives, especially at low stellar
mass where there are virtually no AGN hosted by Blue Ac-
tive emission-line galaxies.
We stress that the emission-line sample is not represen-
tative of the full sample. The vast majority of Red Passives
do not exhibit strong emission and are underrepresented in
the emission-line sample as described in Section 2.3 (see also
Table 1). The Red Passives that are included in the emission-
line sample are going to be the ones with significant non-
stellar emission, hence the high fAGN in Fig. 8a. Conversely,
the significant emission from star formation means nearly all
Blue Actives are included in the emission-line sample and
consequently a relatively small fraction of them will host an
AGN.
Fig. 8b shows the fraction of galaxies hosting AGN in
the full sample, i.e. the fraction of galaxies in the full sam-
ple that both satisfy our emission-line criteria outlined in
Section 2.3 and lie above the Ke01 line on a BPT diagram.
At all stellar masses, we find Red Misfits are more likely
to host an AGN than Blue Actives or Red Passives in the
full sample. The fAGN enhancement in Red Misfits is partic-
ularly strong towards low stellar mass, where the fraction of
Red Passive galaxies hosting AGN is low and the fraction of
Blue Actives hosting AGN is nearly zero. We stress that this
fAGN enhancement is dominated by the sizeable population
of emission-line Red Misfits in the Seyfert region of the BPT
diagram. There is no significant enhancement in the fraction
of Red Misfits identified as LINERs in our full sample when
compared to Red Passives.
Although Red Passives are significantly less likely to
host a BPT-identified AGN when compared to Red Misfits
across the entire stellar mass range, Red Passives are still the
most common hosts of AGN in our full sample (particularly
at high stellar mass) due to the sheer size of the population
(see Table 1). However, below a stellar mass of ∼1010.3 M,
Red Misfits are the most common hosts of BPT-identified
AGN in the local Universe.
3.7 Environmental Trends
Having explored the stellar masses, morphologies, dust con-
tent and AGN abundance of Red Misfits compared to Blue
Actives and Red Passives, we now consider how the pro-
portions of these populations change with environment. We
characterize environment by both group halo mass, given in
the Y07 catalogue, and group-centric distance scaled by the
characteristic radius R200 described in Section 2.4.1. Given
that star formation trends with environment are dominated
by the changing fraction of passive galaxies rather than
the changing sSFR of star-forming galaxies themselves (e.g.
McGee et al. 2011; Wijesinghe et al. 2012; Schaefer et al.
2017), exploring how population proportions vary with en-
vironment can help constrain the physical processes respon-
sible for quenching.
We show the Vmax-weighted relative fractions of each
population against group halo mass in Fig. 9. Results are
shown for samples binned by stellar mass and group-centric
distance. The Blue Active population fraction decreases with
increasing group halo mass with a stronger halo mass depen-
dence at low stellar mass. Correspondingly, the Red Passive
fraction increases with halo mass. The Red Misfit depen-
dence on halo mass is much weaker, but the inset shows
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Figure 9. Vmax-weighted satellite fractions of Blue Actives (top), Red Passives (middle) and Red Misfits (bottom) in our group sample
against group halo mass. Fractions are shown for galaxies in the inner third (left column), middle third (middle column) and outer third
(right column) of the R/R200 distribution. Results are also shown in three bins of stellar mass as different line styles corresponding to the
upper, middle and lower thirds of the stellar mass distribution. Insets zoom in on the Red Misfit results. Error bars are 99% confidence
intervals generated by the beta distribution as outlined by Cameron (2011).
that the fraction of Red Misfits decreases weakly with halo
mass in all bins of stellar mass and group-centric distance
with little dependence on stellar mass.
To see radial trends more clearly, Fig. 10 shows popu-
lation fractions plotted against group-centric distance and
binned in columns by group halo mass. The fraction of Blue
Actives (Red Passives) increases (decreases) with increasing
group-centric distance with a stronger dependence at low
stellar mass, though generally the population trends with
group-centric distance are weaker than the trends with halo
mass.
Population fractions with stellar mass in isolated, cen-
tral and satellite samples are compared in Fig. 11. Blue Ac-
tive and Red Passive fractions depend most strongly on stel-
lar mass in our sample of centrals and most weakly in our
sample of satellites. Red Misfit fractions, however, are re-
markably flat with both stellar mass and environment. With
the exception of very low stellar mass, where the fraction of
Red Misfit centrals drops to zero, there is an ∼11 per cent
chance of a galaxy in a given sample being a Red Misfit, inde-
pendent of its stellar mass or whether it is a central, satellite
or isolated galaxy. We note that the overwhelming major-
ity of low-stellar mass centrals are centrals of galaxy pairs
or triplets rather than richer groups and in very low mass
groups there is a risk of misidentifying the central galaxy
(e.g. Peng et al. 2012; Knobel et al. 2013).
4 DISCUSSION
In the previous sections we have shown that there exists
a small but significant population of red and star-forming
galaxies in the Sloan Digital Sky Survey. These ‘Red Misfit’
galaxies exhibit intermediate morphologies relative to the
more common Blue Active and Red Passive populations,
show a slight excess of reddening due to intrinsic dust, and
have an enhanced probability of hosting an AGN, This pop-
ulation represents ∼11 per cent of z < 0.1 galaxies, varying
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Figure 10. Same as Fig. 9 except we plot fractions against R/R200 and bin by group halo mass in the columns.
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Figure 11. Vmax-weighted fractions of Red Misfit, Blue Active and Red Passive galaxies with stellar mass in our isolated field sample,
the sample of centrals in our group catalogue and the sample of satellites in our group catalogue. The fraction of Red Misfits depends
only weakly on stellar mass and environment. Error bars are 99% confidence intervals generated by the beta distribution as outlined by
Cameron (2011).
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only weakly with stellar mass, halo mass, and group-centric
radius. In this section we interpret these results to try and
elucidate the physical origin of Red Misfits and place Red
Misfits in the context of other outlier galaxy populations in
the local Universe.
4.1 Red Misfits as Having Poorly-Constrained
Star Formation
Red Misfits are defined based on their colours and sSFRs.
Star formation rates for SDSS galaxies often rely on Hα
and/or [OII] emission line luminosities (see reviews by Ken-
nicutt 1998; Kennicutt & Evans 2012), so the SFRs and
sSFRs for AGN-contaminated and low S/N galaxies can be
poorly constrained (e.g. Hopkins et al. 2003; Brinchmann
et al. 2004). The overestimation of Red Misfit sSFRs due
to AGN contamination or low S/N emission lines is a valid
concern, especially considering the preponderance of AGN in
Red Misfits. We use the updated, GALEX near- and far- UV-
based sSFRs of Salim et al. (2007). Whereas AGN can con-
taminate Hα, the contribution to the UV continuum from
AGN is low (Salim et al. 2007; Kauffmann et al. 2007).
Despite these updated prescriptions, typical uncertain-
ties on sSFR estimates are significant, especially for redder
galaxies with weak or undetected emission lines. The median
1σ scatter in sSFR of Red Passives is 0.8 dex (although it
decreases towards higher sSFR). To ensure that ‘smearing’
of the Red Passive population due to measurement uncer-
tainties is not responsible for the Red Misfit population, we
test whether our qualitative results vary with more conser-
vative cuts on sSFR. Instead of using the median sSFR for
each galaxy we instead use the full sSFR probability distri-
butions and select star-forming galaxies as those with ≥84%
probability of lying above our sSFR cut of 10−10.8 yr−1. In
doing so, our Red Misfit sample is reduced to ∼50% its orig-
inal size but the trends presented in this work remain.
We can also focus on the emission line sample and iden-
tify galaxies as star-forming using a BPT diagnostic (see
Fig. 7). This selection results in a much smaller sample of
Red Misfits, but their properties (e.g. their nearly constant
fraction with stellar mass, intermediate morphologies, in-
creased dust and gas-phase metallicity) remain the same as
those identified with an sSFR selection. We can therefore
not attribute the Red Misfit population to uncertain sSFR
measurements of quiescent, red galaxies.
4.2 Red Misfits as a Combination of Blue Actives
and Red Passives
In Section 3.3 we show that Red Misfits are not entirely
dusty star-forming galaxies, however it is possible that Red
Misfits could be a mix of dusty Blue Actives and Red Pas-
sives with overestimated sSFRs. Indeed, inclination-induced
dust reddening significantly inflates the population of Red
Misfits if inclination-corrected colours are not used (see Ap-
pendix A). However, if the Red Misfits that remain after in-
clination correction are dominated by Blue Actives or Red
Passives, their properties should closely match one of the
two populations. Red Misfits and Blue Actives are similar
in their Balmer decrements (see Fig. 5), mean stellar ages
and gas-phase metallicities (see Fig. 6). On the other hand,
the morphologies and AGN fractions of Red Misfits are typ-
ical of neither Blue Actives nor Red Passives.
Previous authors (e.g. Gallazzi et al. 2008; Mahajan &
Raychaudhury 2009) find bimodality in properties of red
star-forming galaxies, which suggests that the population
could be a mix of two distinct populations. We stress that we
do not see evidence of multiple components for any property
of our Red Misfits – they appear to be a single population.
There could be some contamination of the Red Misfits by
Blue Actives and Red Passives with uncertainties in sSFR
or colour. Given uncertainties, at most 5.7 per cent of Blue
Actives and 11 per cent of Red Passives could be classified as
Red Misfits, which cannot account for the entire population
of Red Misfits. Therefore while there may be some contam-
ination of our Red Misfit sample by Blue Actives and Red
Passives, it is impossible to combine these populations in a
way that reproduces the properties of Red Misfits. Even un-
der the most conservative sSFR cuts and colour corrections,
a population of red and star-forming galaxies persists.
4.3 Red Misfits as a Distinct Population
Given that the morphologies, AGN abundances, dust con-
tent and environmental trends of SDSS Red Misfits are
inconsistent with being dusty/edge-on Blue Actives or
Red Passives with overestimated sSFRs (or a combination
thereof) and there is little evidence they have particularly
ill-constrained sSFRs, we suggest instead that Red Misfits
are in fact their own separate population of galaxies in the
local Universe independent from the Blue Active and Red
Passive populations. Here we explore the possible physical
origins of Red Misfits, their connection to other known pop-
ulations and how they fit into the broad picture of galaxy
evolution.
4.3.1 Connection with the Green Valley
Red Misfits exhibit many intermediate properties which in-
dicate they might be a transition population between the
blue star-forming cloud and the red sequence. They may
be similar to previously identified intermediate populations
such as the green valley – the sparsely-populated region be-
tween the red sequence and the blue cloud (e.g. Bell et al.
2004; Faber et al. 2007; Martin et al. 2007; Wyder et al.
2007). In Fig. 12a we show the distribution of Red Mis-
fits, Blue Actives and Red Passives in u− r vs. Mstellar. To
better enable comparison to previous work we use z=0.0
k-corrected magnitudes uncorrected for inclination but cor-
rected for dust extinction in the stellar continuum using the
Calzetti et al. (2000) reddening law and the E(B−V ) mea-
surements of Oh et al. (2011) based on the GANDALF code
(Cappellari & Emsellem 2004; Sarzi et al. 2006). The shaded
green region in Fig. 12a shows the green valley as defined in
Fig. 4 of Schawinski et al. (2014). Although a sizable pro-
portion of Red Misfits (34.5 per cent) lie in the green valley,
a significant number of Red Passives lie in the green valley
as well (30 per cent).
It is clear in Fig. 12b that sSFRs and stellar masses
of Blue Actives are tightly correlated, forming the specific
star-forming main sequence found in samples of star-forming
galaxies (e.g. Brinchmann et al. 2004; Noeske et al. 2007b;
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Figure 12. a): Rest-frame k-corrected u− r colour against stellar mass for Red Misfits, Blue Actives and Red Passives. Colours are
not corrected for inclination but are corrected for dust reddening using the stellar continuum E(B−V ) as measured by Oh et al. (2011).
Shaded green region shows the green valley as defined by Schawinski et al. (2014). b): sSFR against stellar mass for Red Misfits, Blue
Actives and Red Passives. Contours in both plots encompass 10%, 30%, 50%, 70% and 90% of the unweighted distributions. Dashed
lines indicate our Mstellar=10
9.5M and sSFR=10−10.8 yr−1 cuts.
Elbaz et al. 2007). The Red Misfit distribution, however,
does not exhibit this correlation and the locus lies predom-
inantly below the main sequence of star formation.
The Red Misfit distributions in Fig. 12 therefore sup-
port a scenario in which Red Misfits are in fact transition
galaxies similar to green valley galaxies in the midst of being
quenched gradually on their way to the red sequence. Star
formation is suppressed but not entirely zero in these galax-
ies, therefore their stellar mass continues to increase as they
fall off the specific star-forming main sequence and gradu-
ally redden in colour, explaining the older mean stellar age
and enhanced metallicity when compared to Blue Actives.
This scheme of gradual quenching is qualitatively sim-
ilar to the late-type quenching model of Schawinski et al.
(2014) and a follow-up investigation (Smethurst et al. 2015)
finding that the green valley is dominated by disk and
intermediate-morphology galaxies evolving slowly. An im-
portant distinction, however, is that Schawinski et al. (2014)
infer a significant environmental contribution to this quench-
ing model as they find a dearth of Galaxy Zoo-selected late-
type green valley galaxies in halos below Mhalo=10
12 h−1M.
The proportion of Red Misfits, however, is constant with in-
creasing Mhalo.
It is this (near) equal abundance of Red Misfits in all
environments that suggests the processes that govern/create
them are driven primarily by internal evolution. The preva-
lence of AGN in Red Misfits suggests they play a role, either
as a mechanism of internal quenching or a byproduct of it.
AGN feedback can suppress gas cooling on 1-2 Gyr time-
scales (e.g. Croton et al. 2006), inhibiting star formation
after the cool gas supply is exhausted. The more dominant
bulges of Red Misfits when compared to Blue Actives may
indicate more massive central black holes (Magorrian et al.
1998; Ha¨ring & Rix 2004) and thus stronger past feedback.
AGN have been found to occupy similar regions in parame-
ter space as Red Misfits, i.e. in the green valley (e.g. Nandra
et al. 2007; Silverman et al. 2008; Schawinski et al. 2010,
2014) and below the massive end of the specific star-forming
main sequence (Salim et al. 2007). The intermediate mor-
phologies of Red Misfits are also consistent with the green
valley (Mendez et al. 2011; Smethurst et al. 2015).
AGN feedback is not the only internal mechanism ca-
pable of quenching star formation. The deep potential well
of a significant bulge created by internal processes or minor
mergers combined with the declining self-gravity of the cool
gas as the gas supply dwindles can prevent the fragmen-
tation of the disk and thus suppress star formation (Mar-
tig et al. 2009; Fang et al. 2013). Additionally, galaxy bars
are efficient at driving gas inwards (e.g. Athanassoula 1992;
Knapen et al. 1995), exhausting cold gas supply by spurring
central star formation (e.g. Martin & Friedli 1997; Zurita
et al. 2004; Sheth et al. 2005), building a pseudobulge (e.g.
Kormendy & Kennicutt 2004; Athanassoula 2005). Bars may
also explain the enhanced abundance of AGN in Red Mis-
fits, however, results investigating the connection between
the presence of a bar and AGN activity have been incon-
clusive, with some groups establishing a link (e.g. Knapen
et al. 2000; Laine et al. 2002; Galloway et al. 2015) and
others finding no causal connection (e.g. Ho et al. 1997b;
Cisternas et al. 2013, 2015; Cheung et al. 2015).
4.3.2 Connection with S0s/S0 Projenitors
Previous work studying anomalously red galaxies (e.g. Goto
et al. 2003; Wolf et al. 2009; Koyama et al. 2011) have sug-
gested that they are the projenitors of the S0 population.
S0s have also been discussed as a transition population in
the context of transforming infalling blue galaxies (e.g. Pog-
gianti et al. 1999; Kodama et al. 2001; Wilman & Erwin
2012).
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At a glance there are many similarities between Red
Misfits and S0s: their red colours (Roberts & Haynes 1994),
enhanced sSFR over elliptical galaxies (e.g. Amblard et al.
2014), overlap with the green valley (Salim et al. 2012) in-
termediate bulge-total ratio relative to early-type and late-
types (e.g. Simien & de Vaucouleurs 1986), enhanced AGN
fraction over ellipticals (e.g. Schawinski et al. 2007; Wilman
& Erwin 2012; Amblard et al. 2014) and an enhanced dust
mass relative to ellipticals as well (Amblard et al. 2014).
While S0s can be found in a wide range of environments
(e.g. Dressler 1980; Dressler et al. 1997; van den Bergh 2009;
Wilman et al. 2009), the fact that they are most abundant
in clusters (Dressler 1980) and that the S0 fraction depends
on both halo mass and stellar mass (Wilman & Erwin 2012)
are not consistent with Red Misfits. So while the Red Mis-
fit population may include some S0 projenitors, it cannot
explain the whole population.
4.3.3 Connection with Red Spirals
The red colours and early-disc morphologies of Red Misfits
are reminiscent of the significant population of ‘red spiral’
galaxies in the Universe (van den Bergh 1976; Dressler et al.
1999; Poggianti et al. 1999). Indeed, some authors inves-
tigating a red star-forming population (e.g. Gallazzi et al.
2008; Wolf et al. 2009; Crossett et al. 2014) treat red spirals
and star-forming red galaxies as largely the same population.
Red spirals are often referred to as quiescent (e.g. Poggianti
et al. 1999; Goto et al. 2003) yet many can still exhibit sig-
nificant star formation (Cortese 2012). Indeed, 35 per cent
of the red spirals in the catalogue of Masters et al. (2010)
are classified as Red Misfits by our sSFR and inclination-
corrected colour definitions (see Section 2.5). Red Misfits
and red spirals both show intermediate star formation rates
(Tojeiro et al. 2013) and enhanced AGN fractions (Masters
et al. 2010), however red spirals show dust and environment
properties (e.g. Goto et al. 2003; Skibba 2009; Bamford et al.
2009; Masters et al. 2010; Rowlands et al. 2012; Tojeiro et al.
2013) which are distinct from Red Misfits. Additionally, the
enhanced AGN fraction among red spirals in Masters et al.
(2010) is driven primarily by galaxies dominated by LINER-
like emission, which is not the case for Red Misfits (see Fig.
7). These red spirals have been suggested as a projenitor of
S0s (Goto et al. 2003; Wolf et al. 2009) and as a evolution-
ary stage on the way to the red sequence (Moran et al. 2007;
Bundy et al. 2010; Tojeiro et al. 2013). It is possible that red
spirals with large bulges (note that not all selections allow
for the inclusion of early-type spirals) represent Red Misfits
which have finished quenching.
5 SUMMARY & CONCLUSIONS
We investigate a population of red, star-forming galaxies
(Red Misfits) in the Sloan Digital Sky Survey Data Release
7. We identify them as star-forming based on their MPA-
JHU specific star formation rates and red using NYU-VAGC
g− r colours, k-corrected to z = 0.1 and corrected for atten-
uation due to inclination. This population represents ∼11
per cent of galaxies in the local Universe. Selecting galaxy
populations using both sSFR and colour allows more robust
identification of intermediate or transition galaxies than us-
ing only one or the other. The use of inclination-corrected
colours reduces contamination of intermediate populations
by highly-inclined galaxies, allowing more physically mean-
ingful classification of galaxy populations.
To elucidate the physical origin of Red Misfits and their
role in galaxy evolution, we study the properties and halo
occupation statistics of Red Misfits, comparing them to Blue
Active and Red Passives and finding the following:
(i) The fraction of Red Misfits is nearly constant with
increasing stellar mass (Fig. 3). This is in stark contrast to
Blue Actives and Red Passives, which dominate demograph-
ics in low and high stellar mass samples respectively.
(ii) Red Misfits are most often classified as having inter-
mediate morphologies with both the machine learning visual
classifications of Huertas-Company et al. (2011) and the Se´r-
sic indices of Simard et al. (2011). Red Misfits are not uni-
versally early-type or late-type but rather exhibit a range of
morphologies and prefer intermediate morphologies.
(iii) At fixed stellar mass, Red Misfits show slightly larger
levels of intrinsic dust-reddening than Blue Actives as mea-
sured by the Balmer decrement (Fig. 7). This excess, how-
ever, is not enough to attribute the colours of Red Misfits
entirely to dust. Rather, their colours are likely due to con-
tributions from increased dust and slightly older stellar pop-
ulations as compared to Blue Actives.
(iv) Overall, Red Misfits in our smaller emission-line sam-
ple are twice as likely to be identified as hosting an AGN by
a BPT diagnostic than Red Passives and 5.5 times more
likely to host an AGN than Blue Actives (Fig. 8). This en-
hanced AGN likelihood persists at fixed stellar mass and is
especially strong at low stellar mass.
(v) Red Misfits exhibit only very weak environmental
trends. Their proportion declines slightly with increasing
host halo mass but is flat with increasing group-centric sep-
aration (Fig. 9, 10). Blue Actives and Red Passives, by com-
parison, exhibit much stronger environmental trends in our
group sample. Additionally, Red Misfits are found in equal
proportion in our isolated and group samples. Conversely,
Blue Actives are more abundant in the isolated sample and
Red Passives more abundant in the group sample when com-
pared to our total sample.
(vi) Red Misfits overlap and share some properties with
previously identified intermediate populations (e.g. green
valley galaxies, S0s) however they show different trends with
environment.
We interpret these results as evidence that Red Mis-
fits are a transition population of galaxies between the blue
cloud and the red sequence. These galaxies are being grad-
ually quenched; their sSFRs slowly moving off the star-
forming main sequence as they continue to grow in stel-
lar mass and their stellar population ages. Red Misfits’ ag-
nosticism towards environment indicates that this gradual
quenching is primarily driven by internal processes.
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APPENDIX A: DETERMINING INTRINSIC
GALAXY COLOURS
The classification of the galaxies in our catalogue into dif-
ferent populations depends in part on observed g-r colour,
a property known to vary with inclination (e.g. Tully et al.
1998). Dust attenuation through the disc of a galaxy will
cause highly-inclined galaxies to appear redder than identi-
cal galaxies viewed face-on. It is therefore possible that many
galaxies identified as being red in colour are highly-inclined
blue galaxies. We correct out the inclination dependence of
optical colour to obtain intrinsic colours. Since inclination
angles provided by Simard et al. (2011) are reliable only for
disc-dominated galaxies, we opt to use axis ratios provided
by Simard et al. (2011) as our inclination proxy to calculate
intrinsic colours for our full sample.
It is important to note that a galaxy’s colour does not
depend on inclination alone, nor is colour the only property
to vary with inclination. Any colour dependence on incli-
nation may be primarily due to dependence on a separate
property that is also varying with inclination. To isolate the
attenuating effect of inclination it is crucial that we com-
pare galaxies at different inclinations that are as intrinsically
identical as possible. This is typically done by matching sam-
ples by a property known not to vary with inclination, such
as K band magnitude (Bell & de Jong 2001).
Since inclination-dependent attenuation affects both the
g and r bands, comparing g− r colours of galaxies at differ-
ent inclinations will couple these effects and may lead to
complicated dependencies. To disentangle the effects of at-
tenuation on Mg and Mr we find the correlation between
observed Mg - MK and Mr - MK colours and inclination.
Assuming inclination-induced attenuation in the K band is
negligible (Bell & de Jong 2001), the attenuation in the g and
r bands is then whatever correction is needed to remove the
g−K or r−K colour dependences on inclination. The g and
r attenuations can then be used to correct each galaxy’s ob-
served Mg-Mr colour to what it would be if the galaxy were
observed face-on. The advantage to this approach is that
no prior knowledge or assumptions about dust properties or
stellar populations are required to perform the correction.
This general method of measuring inclination-induced
attenuation or correcting colours has been applied by sev-
eral groups (e.g. Tully et al. 1998; Masters et al. 2003; Shao
et al. 2007; Padilla & Strauss 2008) but we follow closely
the specific methodology of Maller et al. (2009), who iden-
tify samples of galaxies that are intrinsically the same using
galaxies closely matched in both MK and Se´rsic index (ns).
Thus the attenuation in the g and r bands will be functions
not only of inclination but also of MK and ns.
To correct the g/r-K colours of inclined galaxies to their
face-on colours we must first determine what these face-on
colours actually are. Fig. A1 shows the Mg - MK colours
of face-on (b/a>0.85) galaxies against MK and ns. We see
that the median colour of face-on galaxies is linear in MK .
The dependence of colour on ns appears more complicated.
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Figure A1. Mg - MK colour of face-on (b/a>0.85) galaxies against MK (left) and Se´rsic index (right). Points show median value and
interquartile range in each bin. Insets show residuals between Mg - MK colour and Eq. A1.
We find that the median face-on colour is linear in ns for
ns <4 and constant in ns for ns ≥4. Furthermore, we find
the dependence of Mg - MK on MK differs between ns <4
and ns ≥4 galaxies. We do not show similar analysis for Mr -
MK colours but the trends are the same. We fit the median
galaxy colour by a function of the form:
νg/r−K = νg/r,0 +νg/r,K(MK +20)+νg/r,n(ns) for ns < 4
(A1a)
νg/r−K = ν ′g/r,0 +ν
′
g/r,K(MK +20) for ns ≥ 4
(A1b)
where νg/r−K is the median g−K or r−K colour of a face-
on galaxy and νg/r,0, νg/r,K and νg/r,n are fitting parameters.
Residuals to this fit are shown in insets in Fig. A1, demon-
strating that our model fits the galaxy colours well.
With a successful model for face-on g−K and r−K
galaxy colours, we can examine how axis ratio affects the
observed colours of samples of intrinsically identical galax-
ies. Fig A2 shows the residual between the Mg-MK colour
and νg−K as a function of axis ratio binned into quartiles
of MK and ns. While the strength of the trend varies across
parameter space, highly-inclined galaxies are systematically
redder than identical face-on ones. Despite significant scat-
ter, the trend is linear in log(b/a). We therefore express the
attenuation as
Ag/r−K = γg/rlog(b/a) , (A2)
where γg and γr are slopes of a linear fit of Mg/r−MK−νg/r−K
to log(b/a). Values for γg are shown in Fig. A2 for each bin
of MK and ns. We notice that γg depends on both MK and
ns. We obtain our best fit when we express γg and γr as
γλ = γλ ,0 + γλ ,K(MK +20)+ γλ ,nns for ns < 3 (A3a)
γλ = γ ′λ ,0 + γ
′
λ ,K(MK +20) for ns ≥ 3 (A3b)
We find the best-fitting parameters for this model using
a Monte Carlo Markov Chain to minimize
χ2 =∑
[
Mg/r−MK −νg/r−K −Ag/r−K
σg/r−K
]2
, (A4)
where Ag/r−K is given by Eq. A2 and A3 and σ2g/r−K is the
variance of Mg/r−MK−νg/r−K . We see no evidence of σλ−K
varying across parameter space so it is taken as a constant
for both the ns <3 and ns ≥3 samples.
With a model for the attenuation and best-fit param-
eters for that model, Fig. A3 shows the data from Fig. A2
with Ag−K subtracted. We see that the correction is success-
ful at removing any trend between galaxy colour and axis
ratio matching the Mg - MK colours of edge-on galaxies to
face-on ones. The correction is equally successful with Mr -
MK colours.
With an Ag−K and Ar−K that successfully reverse the at-
tenuating effect of inclination, we can finally obtain intrinsic
g− r colours for each galaxy:
(Mg−Mr)i = (M0g −Ag−K)− (M0r −Ar−K) . (A5)
Defining our populations using the local minima of the
colour and sSFR distributions as described in 2.5, 46818
galaxies are classified as Red Misfits when we use uncor-
rected (Mg−Mr)0. When using corrected (Mg−Mr)i, the lo-
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cal minimum shifts bluewards by 0.02 mags and the Red
Misfit population drops by 35 per cent, the rest being re-
classified as Blue Actives. This correction is successful at
mitigating the contamination of the Red Misfit population
by highly-inclined Blue Actives.
This paper has been typeset from a TEX/LATEX file prepared by
the author.
MNRAS 000, 1–20 (2018)
Red Misfits in the SDSS 21
γ = − 1.36±0.01
− 24<MK<− 21.60.5<ns<1.13
γ = − 1.18±0.01
− 24<MK<− 21.61.13<ns<2.22
γ = − 0.5±0.01
− 24<MK<− 21.62.22<ns<4.14
γ = − 0.23±0.01
− 24<MK<− 21.64.14<ns<8
γ = − 1.27±0.01
− 21.6<MK<− 20.90.5<ns<1.13
γ = − 1.17±0.01
− 21.6<MK<− 20.91.13<ns<2.22
γ = − 0.57±0.01
− 21.6<MK<− 20.92.22<ns<4.14
γ = − 0.26±0.01
− 21.6<MK<− 20.94.14<ns<8
γ = − 1.03±0.01
− 20.9<MK<− 20.40.5<ns<1.13
γ = − 0.99±0.01
− 20.9<MK<− 20.41.13<ns<2.22
γ = − 0.53±0.01
− 20.9<MK<− 20.42.22<ns<4.14
γ = − 0.19±0.01
− 20.9<MK<− 20.44.14<ns<8
γ = − 0.72±0.01
− 20.4<MK<− 19.10.5<ns<1.13
γ = − 0.58±0.01
− 20.4<MK<− 19.11.13<ns<2.22
γ = − 0.4±0.01
− 20.4<MK<− 19.12.22<ns<4.14
γ = 0.03±0.02
− 20.4<MK<− 19.14.14<ns<8
-1
0
1
2
-1
0
1
2
-1
0
1
2
-1
0
1
2
-0.8 -0.4 0.0 -0.8 -0.4 0.0 -0.8 -0.4 0.0 -0.8 -0.4 0.0
log(b/a)
M
g0
−
M
K
−
ν g
K
Figure A2. Difference between Mg - MK colour and the expected Mg - MK colour of a face-on galaxy with the same MK and ns as a
function of axis ratio. Results are binned by the quartiles of MK and ns. Points show median values and interquartile ranges in log(b/a)
bins. The best-fit slopes γ for each panel are shown.
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Figure A3. Difference between corrected Mg - MK colour and the expected Mg - MK colour of a face-on galaxy with the same MK and
ns as a function of axis ratio. Results are binned by the quartiles of MK and ns. Points show median values and interquartile ranges in
log(b/a) bins.
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